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SYNTHESIS OF R-N-METHYLNALTREXONE 

RELATED APPLICATION 

This application claims bene?t under 35 USC 119(e) of 
the ?ling date of US. Ser. No. 60/684,616, ?led on May 25, 
2005, the entire disclosure of Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

This invention relates to stereoselective synthesis of (R)i 
N-methylnaltrexone (R-MNTX) and intermediates thereof, 
pharmaceutical preparations comprising R-MNTX or inter 
mediates thereof and methods for their use. 

BACKGROUND OF INVENTION 

Methylnaltrexone (MNTX) is a quaternary derivative of 
the pure opioid antagonist, naltrexone. It exists as a salt. 
Names used for the bromide salt of MNTX in the literature 
include: Methylnaltrexone bromide; N-Methylnaltrexone 
bromide; Naltrexone methobromide; Naltrexone methyl bro 
mide; MRZ 2663BR. MNTX Was ?rst reported in the mid 
70s by Goldberg et al as described in US. Pat. No. 4,176,186. 
It is believed that addition of the methyl group to the ring 
nitrogen forms a charged compound With greater polarity and 
less liposolubility than naltrexone. This feature of MNTX 
prevents it from crossing the blood-brain barrier in humans. 
As a consequence, MNTX exerts its effects in the periphery 
rather than in the central nervous system With the advantage 
that it does not counteract the analgesic effects of opioids on 
the central nervous system. 
MNTX is a chiral molecule and the quaternary nitrogen 

can be in R or S con?guration. (See FIG. 1.) It is unknoWn 
Whether the different stereoisomers of MNTX exhibit differ 
ent biological and chemical properties. All of the reported 
functions of MNTX described in the literature indicate that 
MNTX is a peripheral opioid antagonist. Some of these 
antagonist functions are described in US. Pat. Nos. 4,176, 
186, 4,719,215, 4,861,781, 5,102,887, 5,972,954, 6,274,591, 
6,559,158, and 6,608,075, and in US. patent application Ser. 
No. 10/163,482 (2003/0022909A1), Ser. No. 10/821,811 
(20040266806), Ser. No. 10/821,813 (20040259899) and Ser. 
No. 10/821,809 (20050004155). These uses include reducing 
the side-effects of opioids Without reducing the analgesic 
effect of opioids. Such side-effects include nausea, emesis, 
dysphoria, pruritus, urinary retention, boWel hypomotility, 
constipation, gastric hypomotility, delayed gastric emptying 
and immune suppression. The art discloses that MNTX not 
only reduces the side-effects stemming from opioid analgesic 
treatment but also reduces the side-effects mediated by 
endogenous opioids alone or in conjunction With exogenous 
opioid treatment. Such side-effects include inhibition of gas 
trointestinal motility, post-operative gastrointestinal dys 
function, idiopathic constipation and other such conditions 
including, but not limited to, those mentioned above. HoW 
ever, it is unclear from the art Whether the MNTX used in 
these studies Was a mixture of R and S stereoisomers or a 
single stereoisomer. 
The art suggests that isolated stereoisomers of a compound 

sometimes may have contrasting physical and functional 
properties, although it is unpredictable Whether this is the 
case in any particular circumstance. Dextromethorphan is a 
cough suppressant, Whereas its enantiomer, levomethorphan, 
is a potent narcotic. R,R-methylphenidate is a drug to treat 
attention de?cit hyperactivity disorder (ADHD), Whereas its 
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2 
enantiomer, S,S-methylphenidate is an antidepressant. S-?u 
oxetine is active against migraine, Whereas its enantiomer, 
R-?uoxetine is used to treat depression. The S enantiomer of 
citalopram is therapeutically active isomer for treatment of 
depression. The R enantiomer is inactive. The S enantiomer 
of omepraZole is more potent for the treatment of heartburn 
than the R enantiomer. 

Bianchetti et al, 1983 Life Science 33 (Sup I):415-418 
studied three pairs of diastereoisomers of quaternary narcotic 
antagonist and their parent tertiary amines, levallorphan, 
nalorphine, and naloxone, to see hoW the con?guration about 
the chiral nitrogen affected in vitro and in vivo activity. It Was 
found that the activity varied considerably depending on hoW 
the quaternary derivatives Were prepared. In each series, only 
the diastereomer obtained by methylation of the N-allyl-sub 
stituted tertiary amine (referred to as “N-methyl diastere 
omer”) Was potent in displacing 3H-naltrexone from rat brain 
membranes, and acting as a morphine antagonist in the 
guinea-pig ileum. Conversely, diastereoisomers obtained by 
reacting N-methyl-substituted tertiary amines With allyl 
halide (referred to as “N-allyl diastereomers”) did not dis 
place 3H-naltrexone and had negligible antagonist activity 
and slight agonist action in the guinea-pig ileum. In vivo 
?ndings Were generally consistent With those in vitro. Thus 
only the “N-methyl” but not the “N-allyl diastereomers” 
inhibited morphine-induced constipation in rats and behaved 
as antagonists. The author stated that the prepared materials 
appeared to be pure by 1H and 13C nuclear magnetic reso 
nance (NMR) analysis, but these methods are not accurate. 
The author cites a literature reference for the assignment of 
the R con?guration to the “N-methyl diastereomer” of nalor 
phine. No assignment is proposed for the levallorphan and 
naloxone diastereomers. It Would be adventurous to extrapo 
late the con?guration to these diastereomers (R. J. Kobylecki 
et al, J. Med. Chem. 25, 1278-1280, 1982). 

Goldberg et al.’s US. Pat. No. 4,176,186, and more 
recently Cantrell et al.’s WO 2004/043964 A2 describe a 
protocol for the synthesis of MNTX. Both describe a synthe 
sis of MNTX by quatemiZing a tertiary N-substituted mor 
phinan alkaloid With a methylating agent. Both Goldberg et 
al. and Cantrell et al. are silent as to the stereoisomer(s) 
produced by the synthesis. The authors remained cautiously 
silent about the stereochemistry because the stereochemistry 
could not be determined based on prior art. The cyclopropy 
lmethyl side-chain in naltrexone is different from the prior art 
side-chains and may have affected the stereochemical out 
come in the synthesis of MNTX, as may other reaction 
parameters such as temperature and pressure. Based on the 
method of synthesis described in each, it is unknoWn Whether 
the MNTX so produced Was R, S or a mixture of both. 
S-MNTX in pure form, and a method of making pure 

S-MNTX have not been described in the literature. Research 
ers Would have been unable to de?nitively characterize and 
distinguish the stereoisomer(s) obtained by the Goldberg et 
al. or Cantrell et al. synthesis in the absence of pure S-MNTX 
as a standard. 

SUMMARY OF THE INVENTION 

S-MNTX has noW been produced in high purity permitting 
the characterization of its relative retention time in chroma 
tography versus that of R-MNTX. The pure S-MNTX has 
been found to have activity different from the activity of 
MNTX reported in the literature. This highlights the need for 
methods of making and purifying R-MNTX to high purity. 

The present invention provides substantially pure 
R-MNTX and intermediates thereof, crystals of substantially 
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pure R-MNTX and intermediates thereof, novel methods for 
making substantially pure R-MNTX, methods for analyzing 
and quantifying R-MNTX in a mixture of R-MNTX and 
S-MNTX, methods of isolating R-MNTX from a mixture of 
R-MNTX and S-MNTX, pharmaceutical products containing 
the same and related uses of these materials. 

The invention provides synthetic routes for stereoselective 
synthesis of R-MNTX, substantially pure R-MNTX, crystals 
of substantially pure R-MNTX, pharmaceutical preparations 
containing substantially pure R-MNTX, and methods for 
their use. 

According to one aspect of the invention, a composition is 
provided that comprises MNTX in R con?guration With 
respect to nitrogen present at greater than 99.5%. In other 
embodiments the MNTX in R con?guration With respect to 
nitrogen is present in the composition in greater than about 
99.6%, or about 99.7%, or about 99.8%, or about 99.9%, or 
about 99.95%, or even more preferably greater than 99.95%. 
In one embodiment, there is no detectable S-MNTX using the 
chromatographic procedures described herein. Preferably, 
the composition is free of HPLC detectable S-MNTX. In one 
embodiment there is no HPLC detectable S-MNTX at a 

detection limit of 0.02% and a quantitation limit of 0.05%. In 
yet another embodiment the composition of the invention 
contains 99.85% of the MNTX is in R con?guration With 
respect to nitrogen and it contains HPLC detectable S-MNTX 
at a detection limit of 0.02% and a quantitation limit of 
0.05%. 

According to one aspect of the invention a composition is 
provided that comprises MNTX, Wherein at least 99.6%, 
99.7%, 99.8%, 99.85%, 99.9%, and even 99.95% of the 
MNTX in the composition is in the R con?guration With 
respect to nitrogen, and one or more of a buffering agent, a 
chelating agent, a preserving agent, a cryoprotecting agent, a 
lubricating agent, a preservative, an anti-oxidant, or a binding 
agent. 
R-MNTX is a salt. Therefore there Will be a counterion, 

Which for the present application, includes the ZWitterion. 
Typically, the counterion a halide, sulfate, phosphate, nitrate 
or an anionic-charged organic species. Halides include bro 
mide, iodide, chloride, and ?uoride. In certain embodiments 
the halide is iodide and in other important embodiments the 
halide is bromide. In certain embodiments, the anionic 
charged organic species is a sulfonate or a carboxylate. 
Examples of sulfonates include mesylate, besylate, tosylate, 
and tri?ate. Examples of carboxylates include forrnate, 
acetate, citrate, and fumarate. 

According to another aspect of the invention, the foregoing 
compositions that comprise MNTX in R con?guration With 
respect to nitrogen in some important embodiments is a crys 
tal, a solution, or a bromide salt of MNTX. In other embodi 
ments, the foregoing compositions are pharmaceutical prepa 
rations, preferably in effective amounts and With a 
pharmaceutically acceptable carrier. 

According to one aspect of the invention, a crystal of 
MNTX is provided that is at least about 99.5%, or about 
99.6% or about 99.7%, or is about 99.8%, or about 99.9%, or 
most preferably greater than 99.95% of MNTX in R con?gu 
ration With respect to nitrogen. 

According to one aspect of the invention, there is provided 
a compound of the formula: 
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R0 0 

Wherein R is a hydroxyl protecting group. The hydroxyl 
protecting group can be any of numerous such groups. In 
important embodiments it is selected from the group consist 
ing of: isobutyryl, 2-methyl butyryl, ter‘tbutyl carbonyl, silyl 
ethers, 2-tetrahydropyranyl ethers, and alkyl carbonates. 
Mo st preferably the hydroxyl protecting group is isobutyryl. 

According to one aspect of the invention there is provided 
a compound of the formula: 

VA 
CH / 3 

N+ X 

R0 0 

Wherein R is a hydroxyl protecting group. The hydroxyl 
protecting group is selected from the group consisting of: 
isobutyryl, 2-methyl butyryl, ter‘tbutyl carbonyl, silyl ethers, 
2-tetrahydropyranyl ethers, and alkyl carbonates. Most pref 
erably the hydroxyl protecting group is isobutyryl. The com 
pound in one embodiment is isolated. By isolated it is meant 
the compound is at least 50% pure. The compound can be 
obtained at levels of even greater purity, such as 60%, 70%, 
80%, 90%, or even greater than 95% purity. In other embodi 
ments the compound is in R con?guration With respect to 
nitrogen, the R form being present in greater than 50%, 60%, 
70%, 80%, 90%, 95%, 99%, or even 99.5% % versus the S 
form. 

According to another aspect of the invention, a method for 
stereoselective synthesis of R-MNTX is provided. This 
method involves adding a hydroxyl protecting group to nal 
trexone to yield 3-O-protected-naltrexone; methylating the 
3-O-protected-naltrexone to yield 3-O-protected-R-MNTX 
salt; and removing hydroxyl protecting group to yield 
R-MNTX. In some embodiments of the invention the 
hydroxyl protecting group can be added in the presence of 
each or both: an organic solvent and/or a tertiary amine that is 
not naltrexone. In some embodiments of the invention the 
naltrexone is methylated by reacting the 3-O-protected-nal 
trexone With methyl iodide to produce 3-O-protected-R 
MNTX iodide salt. The 3-O-protected-naltrexone can be pro 
tected in important embodiments by a hydroxyl protecting 
group such as isobutyryl. In a preferred embodiment of the 
invention, the 3-O-protected-R-MNTX iodide salt is treated 
With hydrobromic acid to remove the protecting group and 
produce R-MNTX bromide/iodide salt, and the bromide/io 
dide salt is passed through an anion exchange resin column 
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(bromide form) to yield R-MNTX bromide. In any of the 
foregoing aspects of the invention the tertiary amine that is 
not MNTX can be triethylamine. In any of the foregoing 
aspects of the invention the organic solvent can be tetrahy 
drofuran. In any of the foregoing aspects of the invention the 
hydroxyl protecting group can be isobutyryl. 

According to another aspect of the invention a method for 
isolation and puri?cation of R-MNTX is provided, compris 
ing passing the crude R-MNTX through a chromatography 
column and collecting the R-MNTX Which elutes at the 
R-MNTX retention time. This process can be in addition to 
the method described above, after the deprotecting step and/ 
or the anion exchange resin column step. 

According to another aspect of the invention a method for 
analyZing R-MNTX in a mixture of R-MNTX and S-MNTX 
is provided. The method involves conducting high perfor 
mance liquid chromatography (HPLC) and applying 
R-MNTX to the chromatography column as a standard. The 
method preferably involves applying both S-MNTX and 
R-MNTX as standards to determine relative retention/elution 
times. Relative retention times of R and S are described 
herein. 

Pure S-MNTX can be obtained according to the folloWing 
procedure: S-MNTX salt can be synthesiZed by combining 
iodomethylcyclopropane or another cyclopropylmethyl 
derivative With oxymorphone in a dipolar aprotic solvent. The 
cyclopropylmethyl derivative contains a leaving group, pref 
erably a halide, such as iodine or sulfonate. The dipolar apro 
tic solvent may be: N-methylpyrrolidone (NMP), dimethyl 
formamide, methylphosphoramide, acetone, 1,4-dioxane, 
acetonitrile, or combinations thereof. The synthesiZed 
S-MNTX can be puri?ed by chromatography, recrystalliza 
tion, multiple recrystalliZations, or a combination thereof. 
The reaction can be carried out under atmospheric conditions 
across a Wide temperature spectrum, for example, at 70° C., or 
under a controlled reaction temperature betWeen 65° C. to 75° 
C. Counterions may be substituted, optionally, for iodide by 
transferring the S-MNTX iodo salt to a second solvent, such 
as isopropyl acetate or dioxane and exchanging iodide for a 
counterion other than iodide. Examples of counterions are 
bromide, chloride, ?uoride, nitrate, sulfonate, or carboxylate. 
The sulfonate can be mesylate, besylate, tosylate or tri?ate. 
The carboxylate can be formate, acetate, citrate and fumarate. 
The reaction in the second solvent can be conducted at room 
temperature. 

In one aspect of this invention, the chromatography is 
conducted using tWo solvents, solvent A and solvent B, 
Wherein solvent A is an aqueous solvent and solvent B is a 
methanolic solvent and Wherein bothA and B contain tri?uo 
roacetic acid (TEA). Preferably, A is 0.1% aqueous TFA and 
B is 0.1% methanolic TFA. In important embodiments the 
column comprises a bonded, end-capped silica. In important 
embodiments, the pore siZe of the column gel is 5 microns. In 
a most preferred embodiment, the column, ?oW rate and 
gradient program are as folloWs: 

Column: Luna C18(2), 150><4.6 mm, 5p. 
FloW Rate: 1 mL/min 
Gradient Program: 

Time (min) % A % B 

0:00 95 5 
8:00 65 35 

12:00 35 65 
15:00 0 100 
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-continued 

Time (min) % A % B 

16:00 95 5 
18:00 95 5 

Detection can be carried out conveniently by ultraviolet 
(UV) Wavelength @ 230 nm. Quantitation Limit is the loWest 
amount of S-MNTX that can be consistently measured and 
reported, regardless of variations in laboratories, analysts, 
instruments or reagent lots. Detection Limit is the loWest 
amount of S-MNTX in a sample Which can be detected but 
not necessarily quantitated as an exact value. 

The foregoing HPLC also can be used to determine the 
relative amount of S-MNTX and R-MNTX and the interme 
diates of the synthesis thereof by determining the area under 
the respective R and S curves in the chromatogram produced. 
According to another aspect of the invention a method for 
isolation and puri?cation of R-MNTX and the 3-0-protected 
R-MNTX salt intermediate is provided, comprising recrys 
talliZing the crude R-MNTX or intermediates thereof from a 
solvent or a mixture of solvents. This process can be in addi 
tion to the method described above, after the deprotection 
step and/or the anion exchange resin column step. 
According to another aspect of the invention, a method is 

provided for stereoselective synthesis of 3-O-protected 
R-MNTX salt comprising methylating a 3-O-protected-nal 
trexone With a methylating agent to yield 3-O-protected-R 
MNTX salt. The hydroxyl protecting group of the 3-O-pro 
tected-naltrexone in certain embodiments is isobutyryl, 
2-methyl butyryl, tertbutyl carbonyl, silyl ethers, 2-tetrahy 
dropyranyl ethers, and alkyl carbonates. The 3-O-protected 
R-MNTX is a salt With an anion that can be, for example, a 
halide, sulfate, phosphate, nitrate or an organic anionic 
charged species. The halide is bromide, iodide, chloride, or 
?uoride. The organic anionic-charged species can be, for 
example, a sulfonate or carboxylate. Exemplary sulfonates 
are mesylate, besylate, tosylate, or tri?ate. Exemplary car 
boxylates are formate, acetate, citrate, or fumarate. The 
method can further involve exchanging the anion With a dif 
ferent anion. The methylating agent can be a methyl group 
susceptible to nucleophilic attack, and a leaving group. 
Exemplary methylating agents are selected from the group 
consisting of methyl halide, dimethyl sulfate, methyl nitrate 
and methyl sulfonate. Methyl halides are methyl iodide, 
methyl bromide, methyl chloride and methyl ?uoride. Methyl 
sulfonates include methyl mesylate, methyl besylate, methyl 
tosylate, and methyl tri?ate. In one embodiment, the methy 
lation is conducted at a temperature range from about >70° C. 
to about 100° C., or from 80° C. to about 90° C., or preferably 
at about 88° C. The methylation reaction is conducted for 
about 1 hour to 24 hours, or about 5 hour to 16 hours and in 
one embodiment for about 10 hours. The method can further 
involve puri?cation of the 3-O-protected R-MNTX salt using 
at least one puri?cation technique, such as chromatography or 
recrystallization. The chromatography can be reverse-phase 
chromatography or regular phase chromatography. In some 
embodiments, the regular phase chromatography can use alu 
mina or silica gel. The 3-O-protected-naltrexone can be puri 
?ed prior to methylation. 

According to one aspect of the invention a pharmaceutical 
composition is provided that comprises R-MNTX free of 
detectable S-MNTX by the chromatography procedures 
described herein or the 3-0-protected-R-MNTX salt interme 
diate and a pharmaceutically acceptable carrier. In one 
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embodiment the pharmaceutical composition is a packaged 
unit dosage or a multi-unit dosage. In yet another embodi 
ment the packaged unit dosage is a solution. The pharmaceu 
tical composition in one embodiment is a solution. In another 
embodiment it is an enteric coated solid dosage form. In still 
another embodiment it is a sustained release formulation. 
According to yet another aspect of the invention, a pharma 
ceutical preparation containing R-MNTX or the 3-0-pro 
tected-R-MNTX salt intermediate in a lyophiliZed formula 
tion is prepared by combining a cryoprotective agent, such as 
mannitol, With the R-MNTX formulation. The lyophiliZed 
preparation may also contain any one of, any combination of, 
or all of a buffering agent, an antioxidant, an isotonicity agent 
and an opioid. In some embodiment the aforementioned phar 
maceutical composition can further comprise one pharma 
ceutical agent that is not an opioid antagonist. In one embodi 
ment of the invention the aforementioned pharmaceutical 
composition can comprise a pharmaceutical agent that is an 
opioid. In yet another embodiment, the pharmaceutical com 
position can further comprise at least one opioid, and at least 
one pharmaceutical agent that is not an opioid or an opioid 
antagonist. In a preferred embodiment the pharmaceutical 
agent that is not an opioid or an opioid antagonist is an 
antiviral agent, an anti-infective agent, an anticancer agent, an 
antispasmodic agent, an anti-muscarinic agent, a steriodal or 
non- steriodal anti-in?ammatory agent, a pro-motility agent, a 
5HTl agonist, a 5HT3 antagonist, a 5HT4 antagonist, a 5HT4 
agonist, a bile salt sequestering agent, a bulk-forming agent, 
an alpha2-adrenergic agonist, a mineral oil, an antidepres 
sant, a herbal medicine, an anti-diarrheal medication, a laxa 
tive, a stool softener, a ?ber or a hematopoietic stimulating 
agent. 

The pharmaceutical compositions of the invention can be 
provided in kits. The kits are a package containing a sealed 
container comprising the pharmaceutical preparations of the 
present invention and instructions for use. The kits contain 
R-MNTX that is free of HPLC detectable S-MNTX. The kit 
in one embodiment contains 40 mg/mL R-MNTX. The kit in 
another embodiment contains 30 mg/mL of R-MNTX. The 
kit can further include an opioid or opioid agonist, or it can 
include at least one pharmaceutical agent that is not an opioid 
or an opioid antagonist. In one embodiment, the kit is a 
package containing a sealed container comprising the phar 
maceutical preparation that is or the 3-0-protected-R-MNTX 
salt and instructions for use. The kit in one embodiment 
contains 40 mg/mL 3-0-protected-R-MNTX salt. The kit in 
another embodiment contains 30 mg/mL of 3-0-protected-R 
MNTX salt. The kit can further include an opioid or opioid 
agonist, or it can include at least one pharmaceutical agent 
that is not an opioid or an opioid antagonist. 

According to another aspect of the invention, methods are 
provided for ensuring the manufacture of R-MNTX (Which is 
an opioid antagonist) that is free of S-MNTX (Which is an 
opioid agonist). The methods permit for the ?rst time the 
assurance that a pharmaceutical preparation of R-MNTX 
Which is intended for antagonist activity is not contaminated 
With a compound that opposes the activity of R-MNTX. This 
is particularly desirable When R-MNTX is administered to 
oppose the side effects of opioid therapy, as opioids appear to 
act synergistically With S-MNTX to oppose the activity of 
R-MNTX. In this aspect of the invention, a method is pro 
vided for manufacturing R-MNTX. The method involves: 

(a) obtaining a ?rst composition containing R-MNTX, (b) 
purifying the ?rst composition by chromatography, recrystal 
liZation or a combination thereof, (c) conducting HPLC on a 
sample of puri?ed ?rst composition using S-MNTX as a 
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8 
standard, and (d) determining the presence or absence of 
S-MNTX in the sample. In an important embodiment, both 
R-MNTX and S-MNTX are used as standards, to determine 
for example relative retention time of R-MNTX and 
S-MNTX. In one embodiment, the purifying is multiple 
recryalliZation steps or multiple chromatography steps. In 
another embodiment, the purifying is carried out until 
S-MNTX is absent from the sample as determined by HPLC. 
It should be understood, hoWever, that the puri?ed ?rst com 
position in some aspects of the invention is not necessarily 
free of detectable S-MNTX. The presence of such S-MNTX, 
for example, might indicate that further puri?cation steps 
should be conducted if purer R-MNTX is desired. The meth 
ods can further involve packaging puri?ed ?rst composition 
that is free of HPLC detectable S-MNTX. The methods fur 
ther can include providing indicia on or Within the packaged, 
puri?ed ?rst composition indicating that the packaged, puri 
?ed ?rst composition is free of HPLC detectable S-MNTX. 
The method further can involve packaging a pharmaceuti 
cally effective amount for treating anyone of the conditions 
described herein. The ?rst composition containing R- and 
S-MNTX can be obtained by the methods described herein. 
According to one aspect of the invention, the purifying is 

carried out until S-MNTX is less than 0.4%, 0.3%, 0.2%, 
0.15%, 0.1%, 0.05%, even is absent from the puri?ed ?rst 
composition as determined by HPLC With a detection limit of 
0.02 and a quanitiation limit of 0.05%. In one embodiment the 
method provides indicia on or With the packaged puri?ed ?rst 
composition indicating a level of S-MNTX in the packaged 
?rst puri?ed composition. 

According to one aspect of the invention a package is 
provided that contains a composition comprising R-MNTX 
and indicia on or contained Within the package indicating a 
level of S-MNTX in the composition. In one embodiment the 
level of S-MNTX is less than 0.4%, 0.3%, 0.2%, 0.15%, 
0.1%, 0.05%, or is absent from the sample. In yet another 
embodiment, the package further contains, mixed together 
With the R-MNTX, one or more of a buffering agent, a chelat 
ing agent, a preserving agent, a cryoprotecting agent, a lubri 
cating agent, a preservative, an anti-oxidant, or a binding 
agent. 

According to one aspect of the invention a method of 
preparing a pharmaceutical product in provided, by selecting 
a composition of R-MNTX because it contains S-MNTX at a 
level that is less than 0.4%, 0.3%, 0.2%, 0.15%, 0.1%, 0.05% 
of, or is absent from the composition, and formulating the 
composition into a unit or multi unit dosage for administra 
tion to a patient. 

According to another aspect of the invention, a packaged 
product is provided. The package contains a composition 
comprising R-MNTX, Wherein the composition is free of 
HPLC detectable S-MNTX, and indicia on or contained 
Within the package indicating that the composition is free of 
detectable S-MNTX. The composition can take on a variety 
of forms, including, but not limited to, a standard for use in 
laboratory experiments, a standard for use in manufacturing 
protocols, or a pharmaceutical composition. If the composi 
tion is a pharmaceutical composition, then one important 
form of indicia is Writing on a label or package insert describ 
ing the characteristics of the pharmaceutical preparation. The 
indicia can indicate directly that the composition is free of 
S-MNTX, or it can indicate the same indirectly, by stating for 
example that the composition is pure or 100% R-MNTX. The 
pharmaceutical composition can be for treating any of the 
conditions described herein. The pharmaceutical composi 
tion can contain an effective amount of the pure R-MNTX and 
can take any of the forms described beloW as if speci?cally 
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recited in this summary, including, but not limited to, solu 
tions, solids, semi-solids, enteric coated materials and the 
like. 

According to one aspect of the invention, a method is 
provided for treating or preventing opioid-induced side 
effects comprising administering to a patient the R-MNTX 
free of detectable S-MNTX by the chromatography proce 
dures described herein or the 3-O-protected-R-MNTX salt 
intermediate composition of any of the foregoing aspects of 
the invention in an amount effective to treat the opioid-in 
duced side effect. In one embodiment of the invention the 
patient is chronically administered opioids. In another 
embodiment the patient is acutely administered opioids. The 
opioid-induced side effect is preferably selected from a group 
consisting of constipation, immune suppression, inhibition of 
gastrointestinal motility, inhibition of gastric emptying, nau 
sea, emesis, incomplete evacuation, bloating, abdominal dis 
tension, increased gastroesophageal re?ux, hypotension, 
bradycardia, gastrointestinal dysfunction, pruritus, dyspho 
ria, and urinary retention. In one preferred embodiment the 
opioid-induced side effect is constipation. In another pre 
ferred embodiment the opioid-induced side effect is inhibi 
tion of gastrointestinal motility or inhibition of gastric emp 
tying. In yet another preferred embodiment the opioid 
induced side effect is nausea or emesis. In yet another 
preferred embodiment the opioid-induced side effect is pru 
ritus. In yet another preferred embodiment the opioid-in 
duced side effect is dysphoria. In yet another preferred 
embodiment the opioid-induced side effect is urinary reten 
tion. 

According to one aspect of the invention, a method is 
provided for treating a patient receiving an opioid for pain 
resulting from surgery comprising administering to the 
patient an R-MNTX composition free of detectable S-MNTX 
by the chromatography procedures described herein or the 
3-O-protected-R-MNTX salt intermediate in an amount 
effective to promote gastrointestinal motility, gastric empty 
ing or relief of constipation. 

According to another aspect of the invention, a method is 
provided for inducing laxation in a patient in need of Taxa 
tion, comprising administering to the patient an R-MNTX 
composition free of detectable S-MNTX by the chromatog 
raphy procedures described herein or the 3-O-protected-R 
MNTX salt intermediate in an effective amount. 

According to yet another aspect of the invention, a method 
is provided for preventing and/or treating impaction in a 
patient in need of such prevention/treatment, comprising 
administering to the patient an R-MNTX composition free of 
detectable S-MNTX by the chromatography procedures 
described herein or the 3-O-protected-R-MNTX salt interme 
diate in an effective amount. 

According to yet another aspect of the invention, a method 
is provided for preventing and/or treating post-operative 
boWel dysfunction folloWing surgery, in particular abdominal 
surgery in a patient in need of such prevention/treatment, 
comprising administering to the patient an R-MNTX compo 
sition free of detectable S-MNTX by the chromatography 
procedures described herein or the 3-O-protected-R-MNTX 
salt intermediate in an effective amount. 

According to one aspect of the invention, a method is 
provided for treating or preventing endogenous opioid-in 
duced gastrointestinal dysfunction comprising administering 
to the patient an R-MNTX composition free of detectable 
S-MNTX by the chromatography procedures described 
herein or the 3-O-protected-R-MNTX salt intermediate in an 
amount effective to treat the endogenous opioid-induced gas 
trointestinal dysfunction. The gastrointestinal dysfunction 
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10 
can be selected from a group consisting of inhibition of gas 
trointestinal motility, constipation and ileus. In some embodi 
ments of the invention the ileus is selected from the group 
comprising of: post-operative ileus, post-partum ileus, para 
lytic ileus. 

According to one aspect of the invention, a method is 
provided for preventing or treating idiopathic constipation 
comprising administering to the patient an R-MNTX compo 
sition free of detectable S-MNTX by the chromatography 
procedures described herein or the 3-O-protected-R-MNTX 
salt intermediate in an amount effective to prevent or treat the 
idiopathic constipation. 

According to yet another aspect of the invention, a method 
is provided for treating irritable boWel syndrome comprising 
administering to the patient an R-MNTX composition free of 
detectable S-MNTX by the chromatography procedures 
described herein or the 3-O-protected-R-MNTX salt interme 
diate in an amount effective to ameliorate at least one symp 
tom of the irritable boWel syndrome. In some embodiments of 
the invention the R-MNTX composition or the 3-O-pro 
tected-R-MNTX salt composition further comprises at least 
one irritable boWel syndrome therapeutic agent. The irritable 
boWel syndrome therapeutic agent can be selected from the 
groups consisting of antispasmodics, anti-muscarinics, anti 
in?ammatory agents, pro-motility agents, 5HTl agonists, 
5HT3 antagonists, 5HT4 antagonists, 5HT4 agonists, bile salt 
sequestering agents, bulk-forming agents, alpha2-adrenergic 
agonists, mineral oils, antidepressants, herbal medicines, 
anti-diarrheal medication and combinations thereof. 

According to one aspect of the invention methods are pro 
vided for parenteral administration of the compounds and 
compositions of the invention including but not limited to 
intravenous, intramuscular and subcutaneous administration. 
In one embodiment of the invention the compounds of the 
invention are in pharmaceutical preparations suitable for use 
in pre-?lled syringes, pre-?lled pen injectors, cartridges for 
use in pen injectors, reusable syringes or other medical inj ec 
tors, liquid dry injectors, needleless pen systems, syrettes, 
autoinj ectors, or other patient-controlled injection devices. 

These and other aspects of the invention are described in 
greater detail herein. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 provides the chemical structure of bromide salts of 
R-MNTX and S-MNTX. 

FIG. 2 is a chromatogram shoWing the separation of R and 
S forms of MNTX in a mixture of S- and R-MNTX. 

FIG. 3 is a chromatogram of R-MNTX With the addition of 
approximately 0.1% of the S-MNTX isomer. 

FIG. 4 is a chromatogram of R-MNTX With the addition of 
approximately 1.0% of the S-MNTX isomer. 

FIG. 5 is a chromatogram of R-MNTX With the addition of 
approximately 3.0% of the S-MNTX isomer. 

FIG. 6 shoWs a reaction scheme for the synthesis of 
R-MNTX using a preferred hydroxyl protecting group. 

FIG. 7 shoWs an alternative reaction scheme for the syn 
thesis of R-MNTX using a preferred hydroxyl protecting 
group. 

FIG. 8 shoWs a kit according to the invention. 

DETAILED DESCRIPTION 

The invention provides synthetic routes for stereoselective 
synthesis of R-MNTX, [morphinanium, l7R,l7-(cyclopro 
pylmethyl) -4,5 -epoxy-3 , l 4-dihydroxy- l 7-methyl-6-oxo-, 
salt, (5(>t)-(9Cl)], substantially pure R-MNTX, crystals of 
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substantially pure R-MNTX, pharmaceutical preparations 
containing substantially pure R-MNTX, and methods for 
their use. 

R-MNTX has the structure in the formula: 

CH3 

VAN/X 

HO O 0 

wherein X“ is a counterion. The counterion can be any 
counter ion, including a ZWitterion. Preferably the counterion 
is pharmaceutically acceptable. Counterions include halides, 
sulfates, phosphates, nitrates, and anionic-charged organic 
species. The halide can be iodide, bromide, chloride, ?uoride 
or a combination thereof. In one embodiment the halide is 
iodide. In a preferred embodiment the halide is bromide. The 
anionic-charged organic species may be a sulfonate or car 
boxylate. The sulfonate may be mesylate, besylate, tosylate, 
or tri?ate. The carboxylate may be formate, acetate, citrate, or 
fumarate. 

The invention further provides an R-MNTX intermediate, 
isolated 3-O-protected-R-MNTX salt of the formula: 

VA 
CH3 / 

N+ X 

R0 0 

Wherein R is a hydroxyl protecting group, substantially 
pure 3-O-protected-R-MNTX salt, crystals of substantially 
pure 3-O-protected-R-MNTX salt, pharmaceutical prepara 
tions containing substantially pure 3-O-protected-R-MNTX 
salt, and methods for their use. The invention further provides 
synthetic routes for stereoselective synthesis of 3-O-pro 
tected-R-MNTX salt. 

“Alkyl”, in general, refers to an aliphatic hydrocarbon 
group Which may be straight, branched or cyclic having from 
1 to about 10 carbon atoms in the chain, and all combinations 
and subcombinations of ranges therein. “Branched” refers to 
an alkyl group in Which a loWer alkyl group, such as methyl, 
ethyl or propyl, is attached to a linear alkyl chain. In certain 
preferred embodiments, the alkyl group is a Cl-C5 alkyl 
group, i.e., a branched or linear alkyl group having from 1 to 
about 5 carbons. In other preferred embodiments, the alkyl 
group is a Cl-C3 alkyl group, i.e., a branched or linear alkyl 
group having from 1 to about 3 carbons. Exemplary alkyl 
groups include methyl, ethyl, n-propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, 
nonyl and decyl. “LoWer alkyl” refers to an alkyl group hav 
ing 1 to about 6 carbon atoms. Preferred alkyl groups include 
the loWer alkyl groups of l to about 3 carbons. 
An “alkylating agent” is a compound that can be reacted 

With a starting material to bind, typically covalently, an alkyl 
group to the starting material. The alkylating agent typically 
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12 
includes a leaving group that is separated from the alkyl group 
at the time of attachment to the starting material. Leaving 
groups may be, for example, halogens, halogenated sul 
fonates or halogenated acetates. An example of an alkylating 
agent is cyclopropylmethyl iodide. 

“Methylating agent” means a reactive species, having elec 
trophilic properties, that is capable of introducing a “methyl 
group” at the nitrogen atom of naltrexone, so as to form a 
covalent bond thereWith. Illustrative methylating agents can 
be represented by the formula CH3Z, Wherein “Z” is a leaving 
group Which, upon its departure, enables CH3 to form a cova 
lent bond With the nitrogen atom of naltrexone, forming 
MNTX. Methylating agents in general, and leaving groups in 
general, are Well known to those of ordinary skill in the art and 
are described extensively in both the patent literature and in 
chemistry text books. Suitable Z groups include, but are not 
limited to, ?uoro, chloro, bromo, iodo, 4OSO2CF3, 
CH3OSO2Oi, ADSOZCH3, ADSOZC6H4-p-CH3, 
ADSOZC6H4-p-Br. 

“Alkenyl”, in general, refers to an alkyl group containing at 
least one carbon-carbon double bond and having from 2 to 
about 10 carbon atoms in the chain, and all combinations and 
subcombinations of ranges therein. In certain preferred 
embodiments, the alkenyl group is a C2-C 10 alkyl group, i.e., 
a branched or linear alkenyl group having from 2 to about 10 
carbons. In other preferred embodiments, the alkenyl group is 
a C2-C6 alkenyl group, i.e., a branched or linear alkenyl group 
having from 2 to about 6 carbons. In still other preferred 
embodiments, the alkenyl group is a C3-Cl0 alkenyl group, 
i.e., a branched or linear alkenyl group having from about 3 to 
about 10 carbons. In yet other preferred embodiments, the 
alkenyl group is a C2-C5 alkenyl group, i.e., a branched or 
linear alkenyl group having from 2 to about 5 carbons. Exem 
plary alkenyl groups include, for example, vinyl, propenyl, 
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl and 
decenyl groups. 

“Alkylene”, in general, refers to a straight or branched 
bivalent aliphatic hydrocarbon group having from 1 to about 
6 carbon atoms, and all combinations and subcombinations of 
ranges therein. The alkylene group may be straight, branched 
or cyclic. Exemplary alkylene groups include, for example, 
methylene (4CH2i), ethylene (4CH2iCH2i) and pro 
pylene (i(CH2)3i). There may be optionally inserted along 
the alkylene group one or more oxygen, sulfur or optionally 
substituted nitrogen atoms, Wherein the nitrogen substituent 
is alkyl as described previously. Preferred alkylene groups 
have from about 1 to about 4 carbons. 

“Alkenylene”, in general, refers to an alkylene group con 
taining at least one carbonicarbon double bond. Exemplary 
alkenylene groups include, for example, ethenylene 
(iCH:CHi) and propenylene (iCH:CHCH2i). Pre 
ferred alkenylene groups have from 2 to about 4 carbons. 

“Cycloalkyl”, in general, refers to any stable monocyclic or 
bicyclic ring having from about 3 to about 10 carbons, and all 
combinations and subcombinations of ranges therein. In pre 
ferred embodiments, the cycloalkyl group is a C3-C8 
cycloalkyl group, i.e., a cycloalkyl group having from about 3 
to about 8 carbons, With C3-C6 cycloalkyl groups, i.e., 
cycloalkyl groups having from about 3 to about 6 carbons 
being more preferred. The cycloalkyl group may be option 
ally substituted With one or more cycloalkyl group substitu 
ents. Preferred cycloalkyl group substituents include alkyl, 
preferably Cl-C3 alkyl, alkoxy, preferably Cl-C3 alkoxy, or 
halo. Exemplary cycloalkyl groups include, for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl and cyclooctyl groups. 


































